I
nsulin resistance (IR) is a biochemical and molecular disorder strongly related with diseases such as obesity, diabetes, and cardiovascular disease. 1 This close relationship between IR and other metabolic disorders has been associated with an atherogenic profile related with the activity of enzymes regulated by insulin. The most common clinical manifestation of IR is abdominal obesity. Therefore, central obesity has been considered as a fundamental part of the metabolic syndrome in which a necessary component is an increase in waist circumference correlated with an increase in visceral fat. Adipose tissue presents an important metabolic activity because its products (adipocytokines) have an interesting biological action on IR as well as endothelial, energy balance, and inflammatory function. 2, 3 Because IR is an intermediate metabolic disorder that can predict mortality in both patients with type 2 diabetes mellitus (T2DM) and those without diabetes, early detection during primary health care is important to decrease the incidence of cardiovascular disease. 4 In this regard, the opportunity to detect IR is a challenge at this level of care. The criterion standard technique, which is the euglycemic-hyperinsulinemic clamp, is an invasive and expensive technique that is not feasible to implement on a large scale. 5 Several indirect methods have been incorporated that allow estimating IR using the homeostatic model (HOMA-IR index) and the mathematical transformation of Quatitative Insulin Sensitivity Check Index, among others, 6 which are methods that require insulin determination usually not feasible to process in primary health care units. Therefore, it is important to provide tools to general and family physicians that can be analyzed using basic and available biochemical studies. This will allow physicians to make timely decisions in relation to IR and to implement nonpharmacological actions required by patients who are at risk for developing T2DM and cardiovascular disease (CVD). 7 Recently, Simental-Mendía et al. 8 proposed a new formula for estimating IR from triglycerides (TG) and fasting glucose (FG), referred to as the triglyceride/glucose(TyG) index based on the product of the natural logarithm between TG and FG divided by 2, whose formula is TyG = [(Ln TG (mg/dL) Â FG (mg/dL))/2].
This formula was validated against the HOMA-IR index in an apparently healthy population. Later, the same group estimated the sensitivity and specificity of this index from 2 populations (healthy subjects and subjects with T2DM) versus the euglycemichyperinsulinemic clamp, obtaining a high sensitivity (96.5%) and specificity (85%) using a cutoff point of 4.68. 9 With these findings, the primary care physician has a highly efficient substitute measure to establish a diagnosis. This will result in timely monitoring of the IR population with available and usual laboratory tests, thereby establishing the specific effects of therapeutic interventions before the patient presents impaired FG. The objective of our study was to determine IR in a primary care patient population using the TyG index and its behavior in the presence of other related biochemical markers.
METHODS
A cross-sectional secondary analysis was carried out using laboratory data of 1500 Mexican subjects who had routine tests carried out at the clinical laboratory department in a family medicine unit between January and August 2012. During the first stage, we excluded those subjects who did not have simultaneous FG and TG tests because these tests were fundamental for constructing the index to be evaluated. During the second stage, inclusion criteria were age between 20 and 59 years and without subsequent records during the study period.
An analysis was done using laboratory determinations such as FG (mg/dL), total cholesterol (TC) (mg/dL), TG (mg/dL), creatinine (mg/dL), and uric acid (UA) (mg/dL). The index was constructed with IR subjects identified using a cutoff point of 4.68 or greater and insulin-sensitive (IS) subjects with an index of 4.67 or less. The variables were described according to their nature using measures of central tendency and dispersion as well as frequencies and percentages. The Student t test was used to estimate FIGURE 1. Flow chart of study subjects on laboratory databases to determine IR in adult primary care patients with a surrogate index (n = 1500), Guadalajara, Mexico 2012. between-group differences and the W 2 test was used for comparison of dichotomous variables; P e 0.05 was considered significant.
RESULTS
A total of 1500 patients from a total of 2660 subjects who had laboratory tests done during the study period were included in the study, of which 71.9% were females and 28.1% males. The FG (mg/dL) was 91.98 T 12.23; TC (mg/dL), 188.07 T 38.55; TG (mg/dL), 159.28 T 102.28; creatinine (mg/dL), 0.79 T 0.50; UA (mg/dL), 5.48 T 1.64; and TyG index, 4.71 T .29. According to the cutoff point of the TyG index of 4.68 or greater, frequency of IR participants was 48.3% versus 51.7% of the IS subjects (Fig. 1) .
When both groups were compared, a significant difference was demonstrated between the IR group versus the IS group, respectively, in age (46.4 T 9.34 years vs 40.24 T 11.27 years) (P G 0.001), FG (mg/dL) (99.87 T 11.95 vs 84.62 T 6.59) (P G 0. Table 1 ). The behavior was similar when both groups were compared according to sex (Table 2) . Table 3 also provides an analysis with a cutoff point for UA of 6.4 mg/dL. There were differences between IR and IS patients according to FG, creatinine, TG, and UA, but not with the TyG index. Finally, we conducted a logistic regression (Table 4) between the metabolic and demographic parameters and the TyG index to analyze the better association. The UA had the strongest association with TyG with an odds ratio of 4.44 (P G 0.001), then with TC (odds ratio, 3.41; P G 0.001).
DISCUSSION
When adult primary care patients were studied in our population, we observed a high frequency of IR (51.7%). This intermediate metabolic marker is of great use because it allows for the detection of a high-risk population for CVD before a diagnosis of T2DM, 4 which would support making medical decisions toward preventive and timely interventions to populations with factors related to alterations of the glucose/insulin relationship. Our results are similar to those reported by other groups. In fact, there is a wide range of frequency of IR depending on the population being studied. 10 It is of interest that, during a primary care visit, feasible tools such as the TyG index be used, which has an acceptable correlation with the criterion standard of j0.67 and with a sensitivity of 96.5% and a specificity of 85% and that allows the physician to stratify IR patients with the cutoff point of the TyG index of 4.68 or greater and who have a greater risk for developing the mentioned comorbid conditions. 9 In our IR population studied, the difference in the behavior of variables such as FG, TC, TG, and even UA is noteworthy, which we found that the IR population has too much higher frequencies than the IS population has. The UA sparks new interest because, independent of the metabolic profile, it is associated with the development of T2DM, a fact seen in prospective studies in populations with hyperuricemia where the probably mechanism is at the A-cell level, which produces disorders in insulin secretion. 11, 12 In our population, despite the fact that males had greater UA concentrations, there were no differences with respect to females when the TyG index was used because TG and FG for both sexes were very similar (Table 3) ; however, the UA had the strongest association with TyG, with an odds ratio of 4.44 (Table 4) . On the other hand, TG explains in large part the result of the TyG index, even greater than glucose, so its increase is accompanied by an increase in variables such as glucose and UA. The relationship of hypertriglyceridemia and IR with the consequent glucose elevation is already known. In vitro studies have suggested the possibility that high TG concentrations rich in very low density lipoprotein particles could impede the action of insulin by inhibiting insulin receptor binding, both at the hepatic and muscular levels. Intracellular accumulation of diacylglycerol triggers activation of protein C kinase with consequent impairment in insulin receptor signaling. 13, 14 The mechanism of the association between hypertriglyceridemia and UA is not fully understood. It has been observed that the synthesis of fatty acids in the liver is associated with the de novo synthesis of purines, which accelerates the production of UA. 15 Nevertheless, our design does not allow for establishing a causal relationship in this regard. Finally, the TyG index has demonstrated that it correlated with the risk for coronary disease greater than 10% when compared with the Framingham risk equation. However, its ability to identify metabolic syndrome in epidemiological studies is not superior to other substitutes such as the McAuley index or the Stumvoll index. 16 The TyG index allows establishing an early diagnosis of IR in primary health care that correlates with components such as FG, TC, TG, and UA.
These are useful for first-contact identification of an at-risk population for development of T2DM and CVD. 
